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ABSTRACT

In this paper we investigatehe effect of usinga novel cost,RMS
(RootMeanSquare)ost,for segmenselectionfor concatenatie
Text-to-Speech.The RMS costis affectednot only by the total
degradatiorof naturalnessut alsoby thelocal degradatiorof nat-
uralnessFromtheresultsof experimentg€omparinghis approach
with sggmentselectionbasedon a corventionalaveragecost,it is
foundthat (1) in the segmenselectionbasedon the RMS costa
larger numberof concatenationsausingslight local degradation
areperformedn orderto avoid concatenationsausinggreatero-
cal degradatiorand (2) the effect of the RMS costhaslittle de-
pendenc®n the size of the corpus.Moreower, we clarify thatthe
naturalnessf syntheticspeecttanbeslightly improvedby utiliz-
ing theRMS cost.

1. INTRODUCTION

We areconstructinga concatenatie Text-to-Speecl{TTS) system
baseddnalarge-sizectcorpusthathashigh quality andhigh cover-
ageon bothphoneticervironmentandprosody However, in order
torealizeahigherandmoreconsistentjuality of syntheticspeech,
it is necessaryo designa costfunctionthatis suitablefor the per-
ceptualcharacteristicgl][2].

In corventionalsegmentelection,the optimumsegmentse-
gquenceis selectedby minimizing the averagecost calculatedas
the sumof local costs. The averagecost shavs the degradation
of naturalnes®ver the entire syntheticspeech3][4]. However,
it might be assumedhat local degradatiorof naturalnessvould
have mucheffect on the naturalnes®f syntheticspeech.In order
toinvestigatehisissue we haw evaluatedvariousfunctionsto in-
tegratethelocal costsin selectingthe optimumsegmensequence
[5]. Fromtheresultsof perceptuakxperimentsit hasbeenfound
thatthe RMS (RootMeanSquare)ost,which is affectedby both
the averagecostanda maximumcostshowing the local degrada-
tion of naturalnesshasthe bestcorrespondenctm the perceptual
scoresThereforejt is possibleo selectabettersegmensequence
by utilizing the RMS costin the segmenstelection.

In thispaperwe comparesegmenselectiorbasedntheRMS
costwith thatbasedntheaveragecostin detail. In orderto clarify
how the local degradatiorof naturalnesss alleviatedby utilizing
the RMS cost,selectedsegmensequenceareanalyzedrom var
ious points of view. We also shov the relationshipbetweenthe
effectivenesof the RMS costandthe sizeof the corpus.Further
more theresultsof apreferenceestonthenaturalnessf synthetic
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speectclarify which of the two costscanselectthe bestsegment
sequence.

Thepaperis organizedasfollows. In Section2, costfunctions
for segmenselectioraredescribedln Section3, theeffectiveness
of utilizing the RMS costis describedandthe resultsof the sub-
jective evaluationaregivenin Section4. Finally, we summarize
this paperin Section5.

2. COST FUNCTIONSFOR SEGMENT SELECTION

2.1. Local Cost

A local costshaws the degradatiorof naturalnesgauseddy each
candidatesegmentln our Japaneseoncatenatie TTS systemun-
derdevelopmentthelocal costis calculatedasthe weightedsum
of five sub-costg5]. In this paper in orderto representhis cost
more easily we divide thesesub-costsnto two commonlyused
costs,.e. atargetcostC} andaconcatenatioostCy [3][4].
Thelocal costLC;(u;, t;) ataphonemey; is givenby

LC;(ui,ti) = we - Cf(ui,ti) + we * C’f(ui,ui_l), 1)
wy +we = 1, 2)

wheret; denotesatarget phoneme.w; andw, shav theweights
for the target cost and the concatenatiorcost, respectiely. |If
u;—1 andu; areconnectedn the corpus,the concatenatiorcost
C5 (u;,u;—1) become®.

In our segmentselection,concatenationsit some phoneme
centers,i.e. precedingvowel centersof voiced phonemesand
unvoiced fricative centers,are also allowed in orderto alleviate
audible discontinuity [6]. This algorithm allows the utilization
of both phonemeunits and diphoneunits and is similar to the
AT&T NextGenTTS system[7], which performssegmentselec-
tion basedon half-phonemaunits. Whenconcatenatiois allowed
atthe phonemecentersthe local costLC; (u!, u{, t;) atthe half-
phonemesegments(u{ andu!l) for atamett; thatis dividedinto
half-phonemest! andt!) is calculatecas

LCi(ui,uf t:) = we- (w] - Cl(ul ,t]) +wi - Cf (ui, 1))

+we - (Czc(ufaulfl) + Cf(”i:”’{)): (3)

wf = dur(u{ )
‘ dur(ul) + dur(ul)’
t
wl = dur(u;) @

dur(ul) + dur(ul)’
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wheredur(u] ) anddur(u}) shav durationof thefirst half phoneme
uf and that of the last half phonemeu!, respectiely. If a di-
phoneunit is used the concatenatiomostC§ (u! , u; 1) becomes
0. Furthermorejf a phonemeunit is used,the concatenatiorwost
C¢ (ut, ul) become®.

Our segmentelectiondoesnot allow concatenatiometween
C andV (C: Consonant,V: Vowel) and utilization of the half
phonemesegmentsTherefore minimumunits preserveeitherthe
importanttransitionsbetweenphonemesr the characteristicof
Japanessyllablescomprisedf CV or V.

2.2. Average Cost

As afunction to integratethe local costs,the averagecost AC is
oftenusedandis givenby

N
1
AC = N-;LCi(ui,ti), (5)

whereN denoteghe numberof phonemesn the utterance Mini-
mizing theaveragecostis equivalentto minimizing the sumof the
local costsfor the selection.

2.3. RMSCost

In orderto selectheoptimumsegmensequencéy takingaccount
into not only the total degradatiorbut alsothe local degradation,
we minimizethe RMS cost,RM SC, whichis givenby

N
RMSC = % : z{La(ui,ti)}% )

Actually, only the sum of the squarelocal costsis calculatedfor
theselection.

3. EFFECTIVENESS OF RMS COST

We utilized 1131 utterancessan evaluationsetin orderto com-
parethe segmenselectiorbasedn the RMS costwith thatbased
on the averagecost. Theseutterancesvere not includedin the
corpususedfor segmenselection.

3.1. Effect on sub-costs

We found that in the segmentselectionbasedon the RMS cost,
the standarddeviation of the local costis smallerthanthatof the
segmentselectionbasedn theaveragecost,althoughthe average
of this costis slightly worse[5]. In thissectionweinvestigatedthe
effectsof both the target costandthe concatenatiorcostin order
to clarify the effectivenesf adoptingthe RMS cost.

Thetamgetcostis shovnin Fig. 1 asafunctionof corpussize.
Theawerageof thetargetcostsis degradedandthe standardievi-
ationincreaseslightly by utilizing theRMS cost. Figure 2 shavs
the concatenatiorcostasa function of corpussize. Althoughthe
average®f concatenatiogostsareequalbetweertheaveragecost
andthe RMS cost,the standarddeviation becomesmallerby uti-
lizing the RMS cost. Theseresultsshav thatthe effectivenesof
decreasinghe standardleviationof thelocal costis dependenbn
theconcatenatioicost. On the otherhand the averageof thelocal
costis slightly worseasa consequencef degradatiorof thetarget
cost.
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Fig. 1. Tamgetcostasafunctionof corpussize.

0.7k r->- Average cost ||
06l —— RMS cost 4
-
2 05f 1
<
§ 04} i
S 03F ’
g T
2 o2t ’
Q
§ 0.1} |
ol i
0.1f |
-0.2 . "
05 1 2 5 10 20

Corpus size [hour]

Fig. 2. Concatenatiomostasa functionof corpussize.

However, it is possiblefor theseresultsto beinfluencedoy the
weightsfor sub-costgatherthanby the local degradationsince
we utilized the weight setin which the weight for the targetcost
is smallerthanthatfor the concatenatiowost. Therefore we tried
analyzingthe effectsof utilizing otherweight sets. The samere-
sultswere obtainedfor all weightsets,in which the ratios of the
targetcostto the concatenatiorostweresetto 1to 2, 1to 1.5,1
to 1, 1.5to 1, and2 to 1. Thereforetheeffectivenessasmentioned
abowe dependsiotontheweightsfor sub-costbutonthefunction
to integratethelocal costs.

3.2. Effect on The Number of Concatenations

In orderto clarify how the standarddeviation of the concatena-
tion costis decreasedye investigatedan effect on the numberof
concatenations.

Therateof increasen the numberof concatenationis shavn
in Fig. 3 asa function of corpussize. This rateis calculatedby
dividing the numberof concatenations the caseof utilizing the
RMS costby thosein the caseof utilizing theaveragecost. By uti-
lizing the RMS cost,the concatenatioat boundariebetweerary
phonemeandvoicedphonemealecreasedlowever, theconcatena-
tionsatboundariebetweerary phonemeandunvoicedphoneme
andthatat phonemecenterincreaseFigure 4 shavs the concate-
nationcostin eachtype of concatenationwhenthe corpussizeis
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32 hours. The concatenatioetweenarny phonemendunvoiced
phonemecan often reducethe concatenatiortostcomparedwith
thatbetweerany phonemeandvoicedphonemesincethe former
concatenatiohasno discontinuitycausedy concatenatindps at
asegmenboundary

Theseresultsshav a tendencyto awid performingconcate-
nationsthat often causemuchlocal degradatiorof naturalnesby
insteadperformingmore concatenationghat causeslight audible
discontinuity As awhole,thenumberof concatenationmcreases
ratherthandecreasesThereforealargernumberof segmentsvith
shorterlengths,which only causeslight local degradationarese-
lectedby utilizing the RMS cost[5].

3.3. Relationship of Cost Differences And Corpus Size

We investicatedthe differencedn averagecosts,RMS costs,and
maximumcostsbetweerthesegmensequenceselectedy utiliz-
ing the averagecostandthoseby utilizing the RMS cost. Then,
therelationshipbetweerthesedifferencesandthe corpussizewas
clarified.

Theresultsareshownin Fig. 5. The maximumcostis shovn
asthe largestlocal costin eachselectedsegmentsequence.The
costdifferencesarecalculatedby subtractinghe costsof the seg-
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Fig. 5. Differencesn costsasa functionof corpussize.

mentsequenceselecteduy utilizing the RMS costfrom thoseby
utilizing the averagecost. From the results,the RMS costworks
well for alleviating the local degradatiorof naturalnesssincethe
maximumcostbecomesmall,i.e. themaximumcostdifferenceas
positive. Moreoer, the differencesn costshave little dependence
on the corpussize. Therefore the effect of the RMS costcanbe
foundin anysizedcorpus.

4. SUBJECTIVE EVALUATION

4.1. Preference Test

We performeda preferencetest on the naturalnesf synthetic
speectto clarify which of thetwo costscould selectthe bestseg-
mentsequenceThecorpussizewas32 hours,andutterancesised
asteststimuli were not includedin the corpus. Natural prosody
wasusedasinputinformationfor segmenselection.

Thenaturalnessf syntheticspeeclwasexpectedo benearly
equalbetweersegmensequencebavingsimilar costs.Therefore,
we usedpairs of segmensequencethat had greatercostdiffer-
encesin the test. Then,we selectedhe pairswith the largerdif-
ferencesn the averagecostaswell asthosewith thelargerdiffer-
encedn theRMS cost. A scatterchartof theteststimuli is shavn
in Fig. 6. “Sub-setA” includesstimuli pairswith largerdiffer-
encesn RMS cost. Thesestimuli pairsareincludedin aregionin
whichthenormalizedrequencyof theRMS costdifferenceis less
thanabout20%. On the otherhand,“sub-setB” includesstimuli
pairswith largerdifferencesn averagecost,andlikewisetheseare
includedin aregion in which the normalizedfrequencyof the av-
eragecostdifferenceds lessthanabout20%. Therewere20 stimuli
pairsin eachsub-setandthetotal numberof stimuli pairswas35,
since5 pairswereincludedin bothsub-setsEight Japanesksten-
ersparticipatedn the experiment.In eachtrial, syntheticspeech
by the segmenselectionbasedn theaveragecostandthatby the
segmenselectionbasedon the RMS costwere presentedn ran-
dom order, and listenerswere askedto chooseeither of the two
typesof syntheticspeectassoundingmorenatural.

TheresultsFig. 7 shav thatthesegmenselectiorbasednthe
RMS costcansynthesizespeechmorenaturallythanthatbasecon
theaveragecostin all casesutilizing all stimuli, stimuliin sub-set
A only, andstimuli in sub-seB only. However, thisimprovement
is only slight.
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4.2. Correspondenceto Perceptual Score

We clarified correspondencef the RMS costto the perceptual
scoreswhenthe size of the corpuswasvaried[5]. However, our
TTS systemutilizes a large-sizedcorpusin orderto synthesize
speechmorenaturallyand consistentlysoit is worthwhileto in-
vestigatehis correspondencia arangeof lower RMS costs.

We performedan opinion teston the naturalnes®f the syn-
thetic speechin orderto clarify this issue. Teststimuli werein-
cludedin the region coveredin the caseof utilizing a 32-hour
corpus,in which the RMS costswerelessthan0.4. They were
selectedrom alargenumberof utterancesynthesizedby varying
thecorpussize. This selectionvasperformedundertherestriction
thatthe numberof phonemesn an utterancethe durationof an
utterance and the numberof concatenationsvere roughly equal
amongthe selectedstimuli. The numberof selectedstimuli was
160. Eight Japanesbstenergarticipatedn the experimentThey
evaluatedthe naturalnes®n a scaleof sevenlevels. The percep-
tual scorewas calculatedas an averageof the normalizedscore
calculatedasa Z-score(mean= 0, variance= 1) for eachlistener
in orderto equalizethe scorerangeamonglisteners.

Thecorrespondencef the RMS costto the perceptuakcores
of the RMS costis shavn in Fig. 8. Thecorrespondencis much
worsethanthatin the caseof utilizing stimuli that cover a wide
rangeof the cost(correlationcoefficient= —0.843) [5].

5. CONCLUSIONS

In this paper we proposedsegmentselectionthat considersnot
only thedegradatiorof naturalnessvertheentiresyntheticspeech
but also local degradation. In this selection,the optimum seg-

Correlation coefficient =-0.400
Residual standard error = 0.723
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0.1 0.2 0.3 0.4 0.5
RMS cost
Fig. 8. Correspondencef RMS costto perceptuakcores.

mentsequenceareselectedy minimizing the RMS (RootMean
Square)costinsteadof the averagecost. From the resultsof ex-
perimentscomparingthis approachwith segmentselectionbased
on the averagecost,it wasfoundthatin segmenselectionbased
ontheRMS costalargernumberof concatenationsausingslight
local degradationvereperformedn orderto awid concatenations
causinggreaterocal degradation Moreo\er, the effectivenessof
this selectiorwasfoundfor anysizedcorpus.We alsoperformed
subjectie experimentson the naturalnessf syntheticspeech As
a result, it was clarified that the naturalnes®f syntheticspeech
can be slightly improved by utilizing the RMS cost. However,
the correspondencef the costto perceptualscoresis not ade-
guate. Therefore we needto designa costfunctionthatcancap-
tureperceptuatharacteristicenoreaccuratelyin orderto improve
the quality of segmenselectionrandmakeit moreconsistent.
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